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AERODYNAMIC CHARACTERISTICS AT SUPERSONTC SPEEDS O F  A 
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AERODymAMIC CHAFiACTERISTICS  AT  SITP PER SONIC SPEEDS OF A 

SERLES OF WING-BODY C O M B ~ I O N S  rrpVIEaG CAMBERED 

. W I N G S  WITH AN ASI?ECT RATIO OF' 3.5 AMD A 

TAPER RATIO OF 0.2. 

. EFFECTS OF SWEEP ANGLE AND THICKNESS K A T I O  ON THE STATIC 

By M. Leroy Spearman and John H. 

AT M=l.& 

Hilton, Jr. 

SUMMARY 

- 
An investigation has been conducted i n  the Langley 4- by b-foot 

supersonic  pressure  tunnel a t  a Mach  number of 1.60 and 8 Reynolds ~ 

mine the  effects of sweep angle and thickness  ratio on the   s t a t i c - l a t e ra l  
stabil i ty  characterist ics of a series of  wing-body combinations-  having 
cambered  wings of  aspect  ratio 3.5 and taper. r a t i o -  0.2. The wings, 
tested on a body  of revolution, had quarter-chord sweep angles of l O . 8 O ,  
35O, and 470 .with a thickness  ratio of 4 percent, and thickness  ratios 
.of 4, 6, and 9 percent  wtth a sweep -angle of 47O. The effects of a 

' 1 ,  nacelle  installation on the  6-pe~cent-thick 47O swept w i n g  were also . 
investigated.  The:results of these tests show the  effects of sweep, 
thickness, and the  nacelle  installation on the   s ta t ic   l a te ra l   s tab i l i ty .  
characteristics. 

r -  ' mer of 2.7 x 10 6 ., based. on the wing mean aerodynamic chord, t o  deter- 

A research program has been in progress a t  the Langley Aeronautical- 
Laboratory t o  determine a t  subsonic, transonic, and supersonic speeds, 

of a series of fig-body combiaations with cambered wings-hav3ng a taper 
ra t io  of 0.2 and an aspect r a t i o  of 3.5. The effects of thickness on 

a t  subsonic and transonic speeds are  presented in reference 1: The 

1- the .effects  of thichess and sweep on the aerodynamic characteristic6 

I . @e  longitudinal  characteristics of a 470 sweepback wing-body combbation 

. .  
i 

I 

I 

I 

I 

i 



2 SECURITY INFORMATION NACA RM L51K15a 

ef fec ts  of sweep and  thickness on the  longi tudinal   dharacter is t ics   for  
the  ser ies  of wings a t  a Mach number of 1.60 are presented in   reference 2. 
The r e su l t s   oe t e s t s   o f . s eve ra l   nace l l e   i n s t a l l a t ions  on a 470 sweptback 
wing are  presented in  reference 3. 

A s  a par t  of this   research program, the  present-paper  reports  the 
results of an. investigation made t o  determine some ef fec ts  of sweep and 
thickness on the- -s ta t ic   l a te ra l   s tab i l i ty   charac te r i s t ics  of t h i s   s e r i e s  
of wing-body canbinations at-a Mach nuzriber of 1.60 and a Reynolds number 
of 2.7' x 10 6 based on the wing mean aerodynamic  chord. The wings had 
quarter-chord sweep angles of  10.80, 35', and 47' with a thickness   ra t io  

. of 4 percent,  and  thickness'  ratios of 4,- 6, and 9 percent  with a sweep 
angle of-470. In addition, the effectB  of-a   nacel le   instal la t ion on 
the 6-percent;thick 470 sweptback wing were investigated. The results 
are  presented  without  analysis t o  expedite  issuance. 

* 
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C0EFFIC-S AND SYMBOLS 8 

The results of t h e   t e s h  are presented as standard NACA coefficients 
of forces and moments. The da-h are   re fe r red  to the  stabil i ty-axes 
system (fig. 1) with the  reference  center of gravity a t  25 percent of - 
the wing mean aerodynamic  chord. I .  

- I  

The" coeff  icienta and symbols are  defined as follows: 
. .  

CY lateral-force  coefficient ( Y / ~ s )  

yawing-moment coefficient (N/qSb) 

rolling-moment coefficient- (L/qSb) 

l i f t   c o e f f i c i e i t  (-z/qs) 

pitching-moment- coefficient-(~'/qSE) 

force along X - a x i s  

force  along Y-axis 

force  along Z - a x i s  c 

L -  . . monient. about X-axis 
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N 
A# 

s 

b 
- 
C 

M 

nment about Y - a x i s  

moment about Z-axis  

free-stream dynamic pressure 

t o t a l  wing area 

wing span 

Mach number 

thiclmess  ratio (Wing thlckness/Wlng chord) 

, angle of attack of body center Une, degrees 
" 

angle of yaw, degrees 

t 

I 

angle of sweep of wing quarter-chord line, degrees 

lateral-force parameter, ra te  of chan@Ze of l a t e k - f o r c e  
. coeffici&t w i t h  angle of yaw (&,/a*.) 
directional-etability p d t e r ,  rate of change of yawing- 

npment coefficient with w e  of y&w (&&) 

effective-dihedral pai-ameter, rate of change of roll ing- 
moment coefficient w i t h  angle of yaw (aCzm) 

. .  - 
APPARATUS Am mELs 

Tunnel ' ~ .- 

~ t e s t s  were conducted in the Langley 41 by &-foot supersonic 
pressure tunnel. This tunnel, -described in  reference 4, was originally 
powered by a 6000-horsepower drive motor. Recent modifications.to the 
t d e l  have lncreased  the horsepower rating to 45,000. The additional 
power has resulted in 8.n increase in the maximum stagnation' presswe 
from 0.3 atmosphere t o  about 2 atmoapherea. The design Mach nuuibe-r 
range of 1.2 t o  2.2 remains unchanged. A t  a .Mach. nuniber of. 1..60, the 
test  section  has  a.width of 4.5 feet, a height of 4.4 feet, arid a region 
of uniform flow wbich is  7 fee t  long a t  the flexible ialls. A n  external 
ab-drying system supplies air of a sufficiently low dew p o b t  .to -prevent 

I 

4 

I , moisture  condensation In the test section. 
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Models 

The .models used i r - t h e s e  tests e r e  composed o f a n  ogive-cylinder 
body .and  various midwing configurations w i t h  a r a t i o  of body diameter 
t o  wing span of about 0.094. The models w e r e  designed t o  accommodate 
so l id   s t ee l  w i n g s  with  integral  cylindrical  sections  simulating  come- I 

sponding sections of the body. This deeign  permitted  interchange of 
w i n g s  with minimum delay. The  wFngs were-positioned so that the  quarter- 
chord  point of the mean aerodynamic chord was always a t  the same body 
station. The  wing a i r fo i l   s ec t ions  had an NACA 6x-series thickness 
distribution  with mean line  ordinates  one-third of NACA 2 3  plus  (a = 1) 
for  CL = 0.1. The airfoil   coordinates  are  given i n  table I. Details 
of the models a re  shown &I figure 2. 

. .  

. I  

! 

The models were-sting-supported and had a six-component. internal 
strain-gage  balance in the  body. The model and sting are  shown in 
figure 3. The models, balance,  and  indicating systems were furnidhed 
by a U. S. A i r  Force  contractor. 

TESTS 

Test  Conditions' 

The c o n d i t i k s   f o r   t h e  tests were: 

MELC~ number . . . .  -. . . . . . . . . . . . . . . . . . . . . . . .  1.60 
Reynolds  nMber,  based on wing mean aerodynamic chord , . . I 2.7 X 10 6 
Stagnation dew point, degrees Fahrenheit:-..-. ........ -. . . .  < -25 

. Stagnation  pressure,  atiosphere . . . . . . . . . . . . . . . . . . . .  1 
Stagnation  temperature,  degrees  Fahrenheit . . . . . . . . . . . .  110 

A limited cal ibrat ion  pr ior   to   those tests has shown that-   the  flow 
in the   t es t   sec t ion  i s  reasonably  unif-om. The magnitudes of the 
variat-ions  in the flow parameters  are. summarized in  the  following  table: 

I Flow parameter 
Magnitude-. - I 

I 

M a c h .  number , 

'Flow angle i n  horizontal  plane 
N.01 
.-1 

- Flow angle i n  ver t ical   p lane f. i 



Tests were made thro- an angle-of-yaw range from -20 t o  10' at  
ah angle of attack of 50 and thro- an angle-of-attack  range from -20 . 

. . t o  130 at angles. of .yaw of 00 and 5O. , 

I ' I  
. .  . .  

Corrections and .Accuracy 

The angles  of.  attack and yaw. were corrected f o r  the  deflection' of 
the  balance under load. The estimated  accuracy of both the aiigle of 
attack and angle of y a w  was S. lo. No corrections were applied t o  the 
data to account r for  the flow variations i n  the teat  section. 

.7 

. 
, -  

' The estimated  errors In the  force  data  wereras follows: \ 

CL . . . . . . . . . . . . . . . .  -. . .  ., . . . . . . . . . . . .  f0,005 
CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k.001 . 
Cm . .  ; .  . . . . . . . . . . . . . . . . . . . . . . . . . .  2.001 . -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k.003 
C, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k.0003 
c2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i.0002 

The baae pressure W&S measured and the drag data were corrected 
t o  correspond t o  a base pressure equal t o  the  free-stre- static pressure. 

The results are presented in this paper  without analysis in  order 
to  expedite pub1icatio.n. The aerodpmnic  characteristics in yaw for 
various  configurations a t  a = 50 are presented in   f igure 4. The 
effects of yaw on the lateral characteristics i n  pitch for various 
configurations  are shown i n   f i g w e  5. The s t a t i c  lateral s tab i l i ty  
characteristics of the  various  configuratioli's at a = 50 are summarized 
-fn table 11. and are ' presented  as  functions of  sweep ' angle and thickness 
ra t io  in figwie 6 .  

I 
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I 
I 

I 

I 

Although .these data are  prezented  without analysis, some general 
remarks can be made; Both Cy$ and Cn$ are  essentially  invariant- 

with lift, coeff icie&t.- The. effect of Increasing  the  sdep angle or 
thickness r a t i o  is to  Fncrease the  positive value of  Cy* .and decease 

,the.positive due of Cna. The .effective dihedral Cz$, although q d t e  

: 

- 
I 

- 
-11, appears to  change from negative to positive as the lift coefficient .. - i 

I 
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increases. The e f fec t  of the.  nacelle  Fnstallation i s  to  increase  the 
posit ive value of ..Cy$ and Cn+ and t o  produce a negative  value of C Z ~ .  

Langley Aeronautical  Laboratory 
National Advisory Committee for  Aeronautics 

Langley Field, Va.  
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SUMMARY OF S'lXL!IC LATERAL STABILITY DERIVATIVES 
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mACA RM L51Kl5a 

. . All dirnensims in inches 
unless  noted 

Body axis and 
wfng chord  plane 

. .  t . ' -  
Ogive  nose 20 R .  . 

Lr ' 6 . 4 7 1  
' "- " 3 =- @-! 

I , I , . - cu . 
4 Cylindrical  section I. ' 6.61. + 

LI 
* . . ,  25.f2 L 

. TgiziJ7 

, (a).  Wing-body arrangement. 

Figure 2.- Details of  model configurations-. 
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I I 
tic = .04 . .04 

t/c= .04 .O 4 

f/c= .04 .04 .04 
. -06 .06 .06 

.09 .09 .09 

(b) Details of wings. 

Figure 2.- Continued. 

NACA RM ~ 5 1 ~ 1 5 a  

1 Taper Ratio 1 1 
Span, inches 

I Area, sq. feet I 1143 I . 

I 

I 

\ 
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NACA RM L51Kl5a 
- 

SECURITY INFORMATION 

strut section NACA 
sfreamwise 

65A -005 in 
direction 

(c) Details of nacelle  installation on A = 47O; = 0.06 wing. .. t 

Figure 2. - Concluded. 
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. .  . 
5O 

Top view of installation 

I 

Tunnel wall 

. -  

Side view of insfollation 

Figure 3.- Details of'model -sting support.. A l l  dimensions in Inches 
unless noted. 
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' . .  - 4, -2 0 2 .- 4 6 8 IO 
. .  

Angle of yaw, V, deg 

(a) Body alone. 

Figure 4.- Aerodynamic characteriatics i n  yaw for various configurakiona 
at a = 5'. M = 1.60. 

I 

i 



16 NACA RM L51K15a 

.01 

0 

-.o I 

Angle of yaw, v, deg 

(b) A = 10.8'; = 0.04. t 

Figure..4.-  Continued. 
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Figuke. &.-.Continued. 
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Angle of yaw, q~, deg 
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( c )  Concluded. . 

' .Figure 4.-: Continued. 
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.I 
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.o I 
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-n I -- '4 -2 0 2 4 6 ' 8  IO 
Angle of yaw, q~, deg 

(a) A =- 47'; = -0.04. t 

FIgure 4.- Continued. 
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. .  
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8 . IO .- 
J Angle of yaw, y, deg 
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(d)  Concluded. 
I 

Figure .4. - Continued. 
I 



0 Bodyt wing 
0 Bodyt wing t nacelle 

22 
- 

SECURITY IEaFORMATEON NACA RM L51Kl5a 

I 

Angle of yaw, y, deg 

(e) A = 47'; = 0.06. 

Figure 4.- Continued. 
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o Body + wing 
Body + wing+ nacelle 

- .  ' 
. .  
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I Angle of yaw, y, deg 

. .  

( e )  Concluded. 

Figure ,4.- Contfnued. 
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"J4 -2 0 2 4 6 8 IO 
Angle of yaw, tq, deg 

(f) A =- 47"; - = 0.09. t' 
C 

- 

Figure 4.- Continued. - 
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. (f) Concluded. . .  

Figure .4.- Concluded. 

: 

I 
I 

I 

I 

_. 

! 

I . .  

. . .  . : 

" 

! 



26 
I _ _ _ _ _ _ _ .  

SECURITY 1NFORMAT.ION NACA RM L51Kl5.a 

I 

Figure 5.- Effect of yaw on the lateral. characteristics in pitch for.. 
various configurations. Flagged symbols are  values  from yaw tests. 
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- 7  2 0 -2 .4 .6 .8 
Lift coefficient CL 

t (c) . A = 47'; = 0.04. 
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Figure 5.- Cont-inued. 
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Lift coefficient, CL 
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Figure 5.- Continued. 
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Lift coefficient, CL 

( e )  A = 47'; 5 = 0.06, nacelle on. t 

Figure 5.- Concluded. 
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NACA RM L51KL5a 2 

o Bodytwing 
Body +'wing + nocel le.. 

0 Bodv alone 

t 

I 

.002 

cnqj "001 ! 
- 

0 

Angle of sweep, A, deg 
I 

Thickness ratio, Vc 

Figure. 6.- Summary of the e t a t i c  lateral stability charact-erietics of 
. . various configurattons at a = 5O. M = 1.60. - 
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